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P3-PAT-N0: 6127099 



riCUMENT-IDEMTIFIEF : 



US 6127099 A 



TITLE: Method of pre dicing a semiconductor device 



kwi-: 



A method :-f producing a semi:onductcr substrate, 
P'H re: e .: la r ly "me having a 

t after coat layer and sealed in a meld resin, is disclosed. 
Tne met Ik d 

pattern:-, a pily^mide film, e:ches an insulating film or 
pass:.va:r;-n film using 

tne result in:: felyimide pattern as a mas};, and then ashes 
tne polcyii: ide oittern 

by cx ygo ri pl3.:;r-.a to thereby obviate the influence of an 
c \ then, t : ; s ■'■ d :" •• r 

eccning. Tner--fore, the method is capable of reducing the 
o ■) r i:os !■/ n c f 

portions where a metallic wiring pattern is exposed to the 
cue si de . Ee rause 

tne oxygen ashing step is followed by heat treatment, the 
influence if oxygen 

w::i:;h wro_,d tower the adhesion strength between the 
p :> 1 y i :r L r c{ e p a c \. r n and a 

rrold resin is eliminated. As a result, tight adhesion of 
tne poo_yimide pattern 

t oho m: la rosin is insured. Further, when a first heat 
treatment: is effected 

after the patterning of the? polyimicie film, a solvent in 
the p 'ly i mide film is 

e: ' sporuted . This reduces degassing in the event of the 
etching of tne 

p : i s si eaf.1 :>n film which immediately fellows the first heat 
t rea .t merer. . 

T _< pr _-du.ee semi. conductor device chips, it is necessary that 
the pissivati cn 

f-lm .md rolyinide film be formed with openings in their 
p: rti ■■TT' corresp ending 

to scrioe lines and bonding pads and be separated 
therealong. This can be done 
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if each of the passivation film and pclyimide films is 
patterned through a 

respe at i -re mash, implemented by may photoresist. 
A It-; mat : ve 1 y , tne po 1 vim i d e 

^ i In- ;na y be pa 1 1 e tn.e :i firs:, and then the passi vd t ion film 
raay be pctterne] 

* n rough -. he pa t to rr.e :1 f; el y i mi :ie film. The former method, 
t. jv/evor , ::oe a- a 

gr-at nuaaoer of steps vni::h increase manufacturing time. 
Tne 1 :;t.:.-.vi met hoi i s 

abaci ase-: in, e . g . , Japanese Patent Laid-open Publicatian 
lire. ' -1" and 

«-0'13*vIl. . Ha-wevor, the prcolem with this method, i.e., 
v f te rn in a a he 

t i:s:"a: . -i. film wic.n the hardened palyimide film serving 

• ::• a ::ia =. k :. a ana- t. he 

\ us _ 'f i i u-a r i re-bais-al gas rsed to etch the passivation 
i i .. rr rem. a : la or. Cue 

.:».;». face -. t the polyimide ii.m. Tne ions cause the exposed 
portions :-i Al 

; a ium i num ) -oused metal to corrode due to moisture in the 
air. Te- re luce \ ne 

c :•!. rosier, i.e., to ren :>ve the fluorine ions, there lias 

pr::o"'>-ed a o- a 
w: . i cn id. H ; one ; t.j :t of a he col ^im i de ai_m by ox ye en and 
■ her. r em- - --as c n _ r' a 

p.-j ; t -af aire sarraao toy etching oaci:. This, however, brings 
c:t-ut another 

p.u-blem th : u; oxy Tvi: rac: ashing dissociates the imide 
oi: upl. in 3 a I the foe- _ yimi ae 

si.rfare u.ai the relay lowers the adhesion of the polyimide to 
t h- aa 1. i re una. 

In accoiajaa.ee wit. h the present: invention, a method of 
pe educing a senioor.duct : r 

oevic^ ;■; nr rises the steps of forming a metallic wiri ng 
p ; .u. tern : n a 

sea i aonaiucr or suost rate, forming an insulating film on the 
rr eta liiu w i ring 

p : u t tern, farming a poly mid-.? fain: on the insulating f i Ira, 
patterning the 

p a.", y i.rude film tv tr.ereoy f-rn a polyimide pattern, 
5 e J e a tiro" ly etch i ng t ha 

i r.sul at in 3 fain by .sin a : he polyimide pattern as a mask, 
ashing -.re surface af 

tne p>olyi.mide pattern by oxygen plasma, and causing the 
palairuide pattern t a 
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form an imide coupling by heat treatment:. 

Alsr, in aec tr da :. ::e with the present invention, a method of 
i > i Dau:in 3 := 

o m i c Dnd .;c ' -o device comprifes the steps of forming a 
ne lal lie .vi: Ln^ pattern 

<oe a semi :oou:t r substrate, forming an insulating film on 
\ ne met a 1 1 i o wi r . n g 

pattern, forming a polyinide film on the insulating film, 
patt e rnin } r ne 

polyimide .film t-"- thereby form a rolyimiie pattern, 
sub - ] eot ii 1 .5 trie polyimide 

pattern + : o first he. a: t reatment , selectively etching the 

n 3 u I a t i r: g ! : 1 _ m r y 
using toe p olyim :de pattern as a ras<, ashing the surface 
c f one pc ly 1 in :.de 

{"•at tern 1: y ■"xy^eu plasma , and subject mg the poly imide 
pattern t ;> se >-)ne neat 
t reatment . 



.vn ir. FIG. IB, a 1, 000 nm thick 

film 35 is formed on the wirrng 



Oubseq .:er *:1 y , as s 
passiv a: 1 z>n f . I m, 
51 i i cone nit ride • 
pattern 01 ! y o7D 

Crem... oaO Y'ipor 7 ep <: .sit ic n ■ . A photosensitive polyimide 
precursor 5 ; 1 rt. ion is 

dropped aoito- the Sill film by spin coating, thereby forming 
a polyimi-.lt- film 0 0 

which is J(',()'jC nm truck by way cf example. As shown in 
Flo. IC, the polyirr.ide 

film 5 6 is oxp oseo, ieveloped, and then patterned to form, 
e . :] . , m "jpon .n.j 0 . 

Then, as sh -w.i m Flo. 1C, the film 06 is hardened by heat 
t roa t merit unci-: r 

c ptinal o -n i ):.s , e.g., at a temperature between 
0 0:") . degree . e . =, riC j 

4 00 . dear*:- ■ . d . for 60 minutes to 100 minutes. Thereafter, 
F.IF Jong a 

floon ne-:ja ■■■ ed gas mixture, e.g., OF. sub. 4 --Co sub. 2 
m i x t .; 1 o i ^ - f feet e o using 

the riardene I film 0 0 as a mask, thereby treating the SiN 
film i 0 . 

CVD to a thvoiness of 1, 000 nm. As shown in FIG . 2D, a 
photosensitive 

polyimide precursor solution is dropped onto the SiN film 
15 by spin. As a 



07/31/2002, EAST Version: 1.03.0002 



result, the solution is spread over the entire surface of 
the substrate 11 and 

f: rms a ptlyimide film 16 having a desired thickness, e.g., 
2-\ OCO nn.. 

As state-:: aheve, the embedment patterns the Dolyimide film 
>'■, then etcr.es the 

Sid film 1 : , .nl tnen ashes the sacs: rate 11 by cayaon 
I :isrr r. . Tr.e.t f :re , even 

when :"l.u:ri:.e i;ns used for etcnmg are left on tne surface 
c: the do L y : it i a- 

i :i :.m 16, tney are remived by the axyjen ashing together 
v.o ; h t j 1 y in go . This 

p^jtecte tne wiring pattern 14 from corrosion ascribable to 
i 1 :cr i no l ; as . in 

£= :: lit i or. , tad neat treatment; following the ashing allows 
t no i:ii ■: : up 1 l ng of 

tne p-; 1 y 1 m l ae film 16 dissociated by the ashing to be set 
up a g : : i[;. Tt follows 

tr..::t : ne ti.dft contact between the polyinide film 16 and 
tr.e rrv; Id resin ^s 

injured and prevents moisture from entering through their 

1 a'. er f a :e . The 

s-.-mic : nd act or device i = therefore highly moistu reproof . 

P-:;erai:ig t; Fi:b : b ?!A-3G, 3 second embodiment of the 
p - ---sere: inv-': nf a\ _ s 

s:\-wn. rat, as shown in FIG. 3A, an insulating film or 
a : a ; : j Layer: Id is 

ftrmel on a sem i. con :luc t :>r substrate 21 made of Si and 
firm e 2 w ji . t. n ■:! e v :. . c e s 

th-reou. A ^00 nm high metal film, e.g., At — Si--Cu film 

2 is z ome on the 

insulating film 22 by sputtering or evaporation. As shown 
in Fib. jb, 

pn t .tresis : = is applied to the Al--Si--cu film 22- by spin 
c : 3 1 f ng, exp is 00, 

an:: then ae-/elf)ped to f <: rm a resist pattern. Then, RIE 
using c. h la r :. n e - b ~ s e d 

gas is effected with tne resist pattern serving as a mask, 
thereby larming a 

metal.iic wi r in:i pattern 24. Subsequently, as shown in FIG. 
3-.: , a pas si' ' at n 

ff- m, e.g., Sib film 2 1 is formed on the veiling pattern 24 
by CYb. As shown in 

Fib It:, a photosensitive polyimide precursor solution is 
dropped cnt.. the Sir] 
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film 2 5 by s p i r. coating. As a r e s u 1 t , t h e s c 1. u r. i o r: i s 
spreai ov-:r the entire 

s:rra:e the substrate 21 1 3 turn out a polyimide film 26 

h j v :.n 1 = >. sired 

t i . _ s k:\e.~: t , e.g., 21, C J run . 

em:: : c iment , hk- the first embodiment, patterns the 
P " wt in i ;ie f Llm 2 6 , 

e* cues t hie SiN film 2 5, and then ashes the surface of the 
e2:..::::au:.- 2 1 by 

oxygen ashing . This procedure successfully removes 
fluorine otis toae'.h''r with 

lyirtMe and triereby protects the writing pattern 24 from 
c ' r r :>s is :t . Fur tut e r , 

t : 1 • h-vat treatment ft 11 owing tne ashing allows the imide 
ovpoLmg e- the 

p ' 1 y Lm.i i~ : ilm 2-5 .li:- s to i a t eci by the ashing t.c :: e set. up 
= lain, "hat. tte 

flint lb -fa;, tight ly ::onere to the mold resin. In addition, 
the etching os 

ltieteleo by the bating for evaporating the solvent of the 
0 d. yrtiiO': I'llm 22. 

2' . nseguost . y, dogass:.nj during the course of e toning is 
wot .oed •■_.), in tiuti, 

V' r~ .: t t:i: _ : . oe the etching atmosphere and thereby insures 
toe ropit; d ..cibil^ty 

r.n or;. -her. In addition, parts built in the etcher are 
o: footed I: ttle. 

2:.-r comparison, the- re were prepared samples p.rcxju zed by the 
t ^ rot emt o ilimenf , 

samples ft r-_ d .1 tea 00 the second embodom.ent, sano.._es produced 
by a p rooeo .ire in 

which etch: ng followed a step oi: baking a pelyrride film 
; re: eno-d r o as Pro 02 

Ait. 1 = , an-.: 3 amoles produced by a procedure in which oxygen 
ashing w : is ltd dee; t 

It bt r Art 1 a f tor : > a k i ti :\ 'referred to as Prior Art 2) . 
fp:;. 4 plots the 

p: lyimi cle-:- t Id iKir.-.-si o:t strengths of the above samples. 
Pablo. ] atmwn below 

1: ws the results e £~ etaluaticm of the samples as to 
pee., ing ^t the into rf ate 

be twees tr.o polyimLde and the mold resin. Table 2 also 
s tt'wr. re bow lists the 

results of evaluation of the samples as to the corrosion of 
the portions where 
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Al is exposed to the outside. 

The photosensitive polyimide used in the first and second 
emooeirren t s may be 

r ey 1 rse .:: with :i tnph tt osens i c i ve polyimide, if desired. 
E v ton with 

n -'!-.photos-n:=it .ve p : lyimi ie , it is possible to achieve the 
a;: tve adv.ir.tagos 

c :\ y i f a p ::■ 1 y : :n i d e pa tter :i is f o rms d thr o u q h a ma s k 
1 1 einenty a by a 
p!v t aresi ;■■ t . 

ir nurnn-ry, a met ho i in a : :ordance with the present 
i n'-onr L-; n p s tterns a 

polyimioe film, etches an insulating film :>r passivation 
fii.T by J si nq the 

re :■ u It :.t: :j poiy.mide pattern as a mask, and then ashes the 
p=" - y 1m pattern by 

oxy-jen rl.asna "o thereby ooviate the influence of an 
e~ en ant ..sod :'..,r eo thing. 

Tl.oref < e: e, the neth- id is capable of reducing the corrosion 
ot portions whore a 

met all. c wiring pattern is exposed to the outside. Because 
the oxygen ashing 

s*ep is fillow^d by heat treatment, the influence of oxygen 
w: : i _;h w ;■ i ] d lower 

the a;lnes;.on s*. reng- h bet\/een the polyimide pattern ar.d a 
m. ■.]■.! r-:":S:.n is 

eliminate :i . As a r-'-sult, ".he tight adhesion of the 
P ■ .1 yimido pattern tt the 
n . d re :.r. i s enhanced . 

h.f following step ■ f ) , oxygen ashing a surface of said 
pt w/inwd- pattern by 
oxyjen p. asm a; and 

['''•) fob-, .wing ste^ ;g), subjecting said polyimide pattern 
t< a sec -co neat 

treatment :f BK". degree. ('. to 400. degree. C. to harden 
ScJid pel y imide 

whereby to refcrm imide coupling dissc crated by the oxygen 
ashing step. 
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n3-PAT-N0: 5932025 

rxjCUMENT-IDENTIFIER: US 5 582025 A 
TITLE: Wire fixation structure 



?:w i ■ 



text, as shown in FIG. 7B, a photoresist mask 206 is formed 
■ :\ the t: sin me ta 1 

film 205 by means of photo lithography. The pattern width 
<<f thi. s photoresist 

mask 106 is set to about 5:0 .mu.m. The photoresist mask 
2 0 6 is formed frtm a 
photosensitive polyimide film. 

As shown in EIG. 72:, the thin metal film 205 is selectively 
o tehee with a wot 

etching method vising the photoresist mask 206 as an etching 
Mask, an j the 

printed wires 204 are formed. This wet etching is 
performed using an etchant 

such as aqua regia. Then, as shown in FIG. 7D, the 
photoresist mask 20 6 is 

removed by ashing or with an organic solvent. 
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US-FAT-NO: 5- C77h7 

DC Cl'MENT- I DEI. TI FIEF : US 58C77S7 A 

TITLE: Method for reducing surface leakage current on 
s o in : conduct o i 

iucergrutea 'Circuits during polyimide passivation 



r : 'W I C 



A meth I'd is aahieved for reducing the surface leakag* 
c o. rrent oetv-; r. adjaaeru 



n g pacs or. i rit eg ta: ed circuit sib:tr-c-. 



after f c r mi n q 



i. : no. i. 
a pat ternea; 

pa 1 v imi de pa s si va 1 1 on Layer' . Wrier, trie polyimide layer is 
pa t e r:ted t o open 

c: r.t r.::s are.us over Lne handing pads, plasma ashing in 

rxygen is used to remave 

r-- a "dual palyimide. that otherwise causes high contact 

y : •: . ;> . Tni.i- plasma ashing also modifies the insulating 
1 : s . •. r D':t^TTiL bonding 

o; : o;;s result ina in an unwanted increase in surface leakage 
■ : r r e rat s b e t v; e e n 

ooauaing pa as. The p a s s ivat ion process is impraved by using 
a thermal t. ro fitment 

s t e p in either a ri i t. r o j e r. o r air amb i. e r. t after t h e p I a s ma 
ashing t a e s sen t i a 1 1 y 
eliminate the increase:! 
■:.htp yield. 



c u r r e n t. a n o 



r. recent ye-u rs ohot as eno- it. i ve pol yimice has a ttracted 



the p 



lersble interest 5. a 

.ss ivat : an coat in ? over the banding pads . These 
l s i t ice po lyimi ties 
h^ve tne 'ties: cable properties of the more conventional 
p :• 1 y imides , ; jch as low 

di electric constants, relatively high temperature stability 
(up to about 

4 c . le rree . C . } , pi ana ri zing properties, etc., but can 

a I so» be patterned like 

a pnoturesist mask, and then remain on the substrate to 
serve as the 
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pas-ivation layer. This later attribute is highly 
vos .. rani- for reducing 

m:i:;i.if Ei-:'t ring ::ost. Typi sally a photosensitive polyimide 

p r-.: ;u r.- :> r i o co> :t t ed 

o.u f he s .* o s L j ale using, fov ex ample, convent ion a 1 
photoresist ;;p:n V'atirc 

: e :hn v-Tues . Tne p.o :>t o -E;ens it i"e p :>lyi:rvi. de pre: jrsor, after 

. --.'W r emoe r at .- re 
or^bake:!, is then exp thr >u gh a pno to-ma s k or reticle 

us 1 u g , for examp 1 e , a 

step vol repeat pro;eotio.o a L : gne r and alt ra v iolet ( UV ) 
r ad :it:; or. s ou roe . Tne 

! J7 -"-vp po r r ions :>f tne po v; im i lie precursor are 
or '--si ;rike:i v:n; ].e leaving 

jr.oxp : .•• e :; roviivns over tne bo:. ding pads that are r.ot 
o r j:-: 5 ] : ri ke :l . l>u r i n o 

:ie'~e 1 o pmer t , t.ne ;r->:poso :i polyimide procursor regions over 

0 n- bo : vl i r. g pa is 

a r- i\ ss : 1 veoi away providing >.-pen i.ngs over tne bondi ng pad 

Vionni curing yiel :is a permanent pol y.imide passivat i on 

1 it r vn i oh e 1 aewne re 

id tne sub .3 orate. A schematic cros e. seotiona. 1 view of a 
po: * i on ■: f : h i 

oo: . "i i n u o ej :l ; oroo'; ^oo havino the no ;. sio-v- 1 ion h-veoo is 
s :o own ; n tT -1 . 1 . :i .vown 

a [•►- to 3 -:i j a cent i:o:oo;Lng pads 4 composed of metal so.cn as 
h 1 .:.rn i o. om i A 1 ) or an 

E: i vni n i poor alloy on a top' insulating layer 10 wnich 

o x. s t f.S: 

s-e-:*i- con ok., v: o r into orate 1 circuit.. Tne contacts between the 
;o : 0: cir: i p ao;s a rod 

t!v ircoorated oirso.-it are not .shown to simplify the 
or vsin - :. Tat- first 

pass iv .ei t i on layer 12 is deposited over the bonding' pads and 
cor. tact. ;>penin:is o 

art- et oheo in tne ir.sul Eating layer 1.1 to the bond : nc pads. 
Too phMt.:cor.or:.ive 

pEi-'inovoe pa o s i vat i or. 1. ayer 1- is then spin-coat eoi and 
r re. e rued to provide. 

op-ninus over the bonding pad:-., as shown in FIG. 1. 

L i. pre oo re,: iv processing, i:hen the pel corrode is removed 
over tne bcnc.ing 

pads ty dissolving away the nun-crossl inked po.-yimiae, a 
po.iyim.- de residue 

remain^ that can result in unwanted electrical opens or 
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high contact resistance 

during testing anc-'or wire bonding. Typically a mild 
plasma ashing (plasma 

descumming) step is performed in an oxygen plasma to insure 
chat the trace 

,3m:crt: :f the polyimide residue are removed. 
In t ors una : el y , this plasma 

ashing can a 1 s o effect one first passivation layer making 
:ne surface 

n :iuc: iv i t y nigner, ana thereby resulting in significantly 
higher surface 

leakage currents across the insulating layer 1A (see FIG. 
1 ) oetween : ne 

bonding paos 4. As semiconductor devices are further 
re-:;_.ceoi in s i se ana the 

circuit oer.sity in crease: a, it will become even more 
iir.oo r t an: t o m i.n. i.m i oe 

leakage currents :o maintain c.irci: ce r loririance. Also, 
with further a u c rea> e 

m circuit density a nd increasing I/O ccun: on tne chip she 
borolino :;ac p it :o 

vill farther decrease. Therefore, there is an increasing 

semiconductor industry to minimize the leakage currents on 
t r.e i nt e 3 rat e :1 
o i r ou i t. . 

The met. ho:; starts by providing .a semi con tluctor substrate on 
vh i oh a re a 1 re: ady 

forme:! tne necessary oise.rece semiconductor - aevi:es, such 
a.s field ef fe ::t. 

transist:rs ( FET 1 s ) , roipolar transistor and similar 
osovices. A nod. t i 1 h ye r of 

pat t erned con ;iu i.tinu layers, soon as coop eoi polys 11 icon, 
s l 1 i. e i des and met a 1 

vitn i nte rposeoj insulating layers;, s „.on as co.emical vapor 
os p os i te :i s i. 1 i ::on 

oxi:ies, 3 re used te- electrically interconnect the device, 
an:; t nerejoy f :>rm the 

lntecrratec; circuit. Tne number of metal levels can vary 
depending on the 

c:i r oo.it design, but are typically between about 2 to 4 
la ye rs . A t op 

insulating layer, such as a silicon oxide, is provided with 
coon t act : pen i rigs or 

via holes to the appropriate regions of the integrated 
circuit to which tlo- 
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input 'out signals and the power and ground plane contacts 
are t - ■ tie made . An 

array of electrically conducting bonding pads are then 
formed over the cont:c: 

c p e n i : : a v o p r ;> v i o e o n e e x t e r „\ a 1 w i r i n c 
.tingle or multi. -c.nip 

ca rrb-r. Typically one oond.mg pa :-,s are composed -of 
a 1 jpiin i uin t: 
a 1 jmi.niuirw' :o:por a 1 lot's 



a 1 ini:v.*m ' cor 
ir. = < . n :i t. he r. 
f 5 . A fit: 



A 1 oe mat i ^el f a I vonm xt Ae 1 1 icon 
er/silio'n a. 1 Iove can a Is;* be ae i 1 i. zea for 



p 1 o : : m.j eoh sr. 
p - ?,= ,100; ope 



passiva t i or. layer, : ypi ::al 1 y a low 
: emperat u re ox.i.o;e, si; ;h as a 

:■ i CVj -:xide, is dep>osieeol over the bonding 
in .is are 

forr.el in the first pa ss i vat ion layer to : he bonding pads. 
A mu. c.n t h i c ao r 

sec n d pi;o :vH.or. layer, composed of : i phot.osens.it ive 
podyimioe, is deposited 



precursor which 

to crosslink the 



t y .Epir ooatir. :; a pht " osens i t i ve polyinico 
i s t no t o-xpe t with 

u 1 :. i a vi:det id'.') raoi ; at i on tnrot.gr. a mas - 

p 1 1 y in i.'de . 7ro 

p o 1 ;y iti i o;-a roe::; Ems ovo r' t •= bond ing pad: a: a ove r ... r e f i rst 
p 5 .e .: it 'at l or : E: ye r 

between the oroirg r a ds is nas koc from LA' expo.su.oE 
( c rt sa 1 i :r. a i r. g ; i.-r.o is 

dis-oiveo eway. Convent i onal pia=:ria ashing i.n oxygen 

p -z r forme o, remove t race amounts :-f paLyimi.de re si due from 
tea OEmtiin? pe= 

f at in mimizin :: :or:a: o e Lectr ica.1 re si stance . This ashing, 
orf i .rran U. ely, 

i nirre ises tne surface e lectricai conductivity on the first 
F3ssi-oatior: Layer 

between the b :-:\ding pads and thereby increases the surface 
le^taae currents by 

aoout an order ei magnitude. By tne me-tho>d of this 
i nvont i on , the substr.tte is 

therm ul ly treated in .-t i r or nitrogen ambient welch reduces 
the loa<age current 

b^Ed: to tne previous ^aluss before the plasma ashing . This 
pre tides a 

palyimide passivation layer with improved (lower) surface 
lea tag e currents than 

the conventional process without the thermal treatment. 
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With c ont i nued down s^al in g of the semiconductor devices 
dimons i ;>ns , tne device 

pari-ame: ri aperata.ng parameters, sucn as voltage and 

C j S r 6: Pi t , ziT -~ ;i , S P O d .i S C d , 

n :t therefore, i :. is very important to minimize the leakage 
v j r rent s i n t he 

circuit. In p fi ti. :.ou i .:i r , it is important to maintain a low 
■ jrfc ::e Leaaaae 

:crren: art a :ie surface a t the first passivation layer 12 
between : ne r:erit 

r- an-ai rio' pads -1. floweve r , i.n convent i. an a 1 pro messing after 
f :■ rni n a t ne bor.-n i :ag 

pads, b : hi >: p a 1 y i;n Lde Layer is typiaaily used to 
passivity : ne integrated 

c i r i r f ram a t:t t am i n a t. i on and dam age . A p 1 a s:na ashing 
step is thee r-qa !.rai 
a ■: rem ave re.. : a ^.e '.. p a 
wo -a ] •:; otaara. s--- :le :ira 

tea' il.:c:r i :m ! a::ata 



yuaraaa over tne carding :::aa t.aat 
during oest..na and ware bonding. 



A i t a a a ah the p 3 a a ai a 

ashing i :rp rces tne al a::trioal con*:. a at it is also known to 

p a a i v s t. i an hayer 1.? between the bonding pads 4 results in 

leakage currents between pads, as depicted in FIG. 1 by the 
o au-a 1 -a he ace a a : r aw 



F.efer rir.g n aw more spo ci ileal ly tc FIGS. 2 and 3 and 

.re fe r r ing b \\ ok t a F I. ah 1 , 

the met hi-: :i a!" t.h i s .i rraa nr. iian is described for eliminating 

leaaaie earac-r.t. Th e method involves adding a thermal 
t re a t mere: t a f re :>:■ sa fa r 

f •: rm.ing the paa s i vat La r ayer. Th .. s heat treatment is 

per r armed after the 

]: 1 sin 3 ashing ana essentially elinLinat.es the surface 
lea aa ie current au as. ed by 
tn*:- piaama ashing. 

Ire: err ing still :o FIG. 2, the substrate surface is now 
passivated a seccna; 

time using a second passivation layer 14. This passivation 
layer is usually 

considerably thicker, and besides providing electrical 
insulation alsc serves 
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t< protects the substrate from contamination and mechanical 
damage during 

subsequent cnip proces s ing . The second passivation layer 
1.4 is typically 

photosensitive 

we of 



to h .'oo t ee; of a poly", mice , and is pr? iciauiy 
polyimide which 

,i ^ o series as the photoresist ms.se. Ore oieferiec 
oh' t os en i * ive 

p.- oyiir.i :;os is. a F[i;3L I - : 320 A!-: from a series : f pel yimiae< 
ninr <ete-.:i under the 

t mude nine PIMECC by the Asahi chemical Industry Company 
IT 7 " T» . , r Cap an , and can 

;>• usee; :or" t:ie pa -si va t i on layer 14. Too ?IMEL I-8320AX 
i s jpp L tod by :e pi n 

■v.,: 1 : - ,.-i:".o ,:i y er. e s of s p i n .-.peeds ranging between about 
] : ■" i : e ; : CI :~y_ m 

i ij-voic i.u:"e per irenute'). Aft^r a pre-baked at about 
t r . k. c. the 

r:.i .m.:\eas of the po Ly.imlde is between about 9 . 0 to 12.0 
. it .. . m Cm c romet er s 

trice. The ;:ha :e-ns.itive pclyimoie precursor (PIMEL 
I- - OAX is t. her. exposed 

.-• : ;r a oh j to re s < ■"•r ret i.c Le in ::onj unct ior. with a q-lene 
Or it a mon- te r 

l — r: v 'r ) : r i -1 ". ne { io5 rm stave 1 enc t:t ) rleooer . Che 

r- 1 i se 5 r.d i. — 1 i ;\e s t ei »pe r s , s a en =. 5 t. n e N :. ere - ; , 

:•; : :o. , Z\.:.. C: P- 1 . ; 5 i " A steppers, man jf act u re :i by Nikon, 
Z it .- . ipa :". , t r 

SAC-::C > 1 -e 'C stepper manufactured by AoMT , Inc. After 
o've 1 :»p t:t the po 1 y 1m i cie: 

o rso : : he pass i vat ion layer 1.4 is then cured in 
: . j r :. ;je n a : a : emporat a re 

oe: a e-h act..:. : .. 0 . deg ree . to -4 00. degree. 2. for about 
1 . ::>.:. 0 n :■ i re . 



A f t e r pat tern i r.'j t.ne sec tod pass i. vat ion layer 14 it is 
necessary to perform an 

oxygen plasma ashing seep to remtve residual polyimi.de that 
rem a : nt ■ -n the 

b jndino pals tr. h: 'trie rwi se results in poor cor tact 
resi; tan'-e and eie.d loss. 

Ch i s is j -est uniers tood by reference to TAB h C ; below \/ni oh 

slows tn> : - :: tntact 

yield results bef rre anti after 
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The number :>f test wafers used in the sample size for 
determining the yields in 

TAatE 1 was 24. A:, is seen in TABLE 1, prior to coat ir.u 
t he wafer w . t h t ne 

0 j I cimioe , '.he £> :».'. ill n j pad electrical yield is 92 percent 
mm. 1 ■ , chile 

ait r earning ami patterni ng the pact .o-sensitive polyimide, 
ana before plasma 

ashing the vie 1:1 aegrades to 68% (col. 2) due to the 

pel virile^ residue on the 

p a :is . A : :. e r t ne p lasma ashing in oxycen ( 0 . sub .2) ( col . 
;) -.he y:.el:i recovers 

to - 1 ! , which is 3 bout equal to the original yield in col. 

1 . Typi hi 11 y tae 

p 1 t. sm a ashing i.s Characterized to remove between about 70 3 
t o : 5 0 Ar; as t r cms r f 
a ;■ ]. viruo j . 



Although t h- ij 1. a cm a ashing in oxygen reduces t no bonding 

p !j ::. :• >m ct m m s : a a ce 

uni: inpr:>ve-- yielo, it also modif i es t he exposed first 
p a so i v at . on 1 a ye r 1 1 

I fee r 1 G . 1. ■ , ami thereby increases the surface electrical 

a ad a tent bonding pads 4. This results in increased surface 

between pads, as depicted by the double headed arrow 3 in 
F 1 >d . Fo r exaap 1 e , 

the mrfii.ve leakage 'torrent car. increase after ashing by an 
■: ; r a f 

ma ::r: i \ mie . , Err exanvole the leakage current can increases 
f r ■: m dam* .' . 0 7 t: 

nA mano ampere ) to values greater tnan 1 . D nA, as will 
be dec or : bed in 

n.ore aetail in :ae EXAMPLE', prtivi.de t e 1 ov . 



Id: w by the net hoc of this invention, the increased surface 
leemem car rent 

m sal "ire f mm the plasma ashing is essentially eliminated 
1: y sat i j ee~ ing the 

m.bsc rates to a thermal treatment after the plasma ashing . 

Tne s dm t rate is 

rreferabiy heated in an atmospheric ambient (air) to a 
temperature of. between 

about 15 v. degree. and 4 00. degree. C. for a time equal to 
or greater than 3 . ) 

minutes, and more specifically at a temperature of 
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250. degree. c . f:>r about 

:■ . J minutes. Etr example, the substrate can be heated tc 
j. 5 j . gree . o. on a 

--.or. olato ftr aooat 2 . 0 :ninutes. At the higher temperature 
" " 1 f " . i~ t h ■-: r i mcnr -| v e 

: no = urfa::e lea-cacre cur rents, the wafers can oe annealed in 
■a furnace ar. :l then 

: ne :o:y Ejen ran be e>:cl ude d from the annealing f urna ::e by 
v.< ro i n :r v.' inn r.i t r ?eri 



> revert :. t n-E oxy con f r :>:n attac 



p 1 y i mi de at : he h i. :iher 

": nne ei 1 i n it : empc ra to. e: . Eo r ex amp 1 e , a n 1 1 roc en p a rge c an 

■.nan -A' pom ( i: a rt per mil lion l :>f oxygen, and the treatment 
t empe ra :. u re can be 

i n creas eo t o i: etveer. ab nut 2 5 j . degree . and 400 . degree . 

>'.' . , tn a f j r a : ime 

t n at 1 5 eq_al. :>r greater than 1.0 hour, and more 
.-pec i f i :: Ei 1. 1 y t r.e E-ubsttat.es 

:•=::". !>? neated to a temperature :>f 3 0 0. degree. C. for about 
.:' . 0 hour? to 

achieve the low l.eaoage cjrrent. Either thermal treatment 
re.:-\: Its in abo.rt an 

E-rder of m ~cn i t ude imp- r :>vement. i.n the surface leakage 
r .i en: . 

A.e .is- clearly seer, ;.n TAS1E 2, after poiyimide processing 
( . lit ne s;r £ at e 

1 ea age cu r rer. t i = ;;-et ween, l . c to u . 2 4 nA, a no after 
tE 1 a sma ashing i n 0 . - t± . 2 , 

inc.rea-es by about a n orcer of magnit ude to bet ween 0.46 to 

Recover, after' the thermal t reatment in air- (col . 3 ) at 
it!. cec ree . C . ft r 

:.j miucntes, by the method of this invention, the surface 
leat age -current is 

reouceo to between 0.05 to 0.14 nA, and after heat 
treatment in nitrogen (col. 

4 i at "-50 . oegree . 0' . for 2.0 hours the surface leakage 
current is reduced to 

between 0.01 to 0.14 nA, thereby demonstrating the 
imp re cement . 

TABLE 1 2 3 AFTER 

AETER 1 PCLi II-: I DE"" " ~ 

POLY III IDE PRIOR TO AND NO AND PRODUCT POLY I MI DE 02 ASHING 

02 ASHING 
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SAMPLE 92' 6 8'" 91 

YIELD ~ 



TABLF, s 

TREAT- TREATMENT TEST 

AFTEF. AFTER MENT IN STUP.C- POLYTMIDE 02 ASHING IN AIR 
NITROGEN TUl-'.E nanoamp. 
nanoami: . nanoamp. nanoarr.p. 

SAMPLE 1 



9.24 2.02 2.1 4 2 .j- SAMPLE 2 0.10 0.6 7 0.05 0.01 SAMPLE 

;- : .92 0.64 ■ . •; 5 

9 . 2- 1 SAMPLE 4 0 . 1 1 ] . 0 2 0 . 0 1 9 . 1 ) 1 SAMPLE 5 0.12 1.09 

o. •;• ;■. 12 sample 9 

9. j. 9 9 2 . ; ' 9.91 SAMPLE 2 0 . 15 D.9: 0.D5 0.05 SAMPLE 

5.1 4 0.5 7 = : . ^5 

9 . 0 C - SAMPLE 5 5.14 . 7 t 0 . k 5 5 . 1 4 



pi 1 a? ma ashing 1:\ oxygen s a id subs;ra:e surface, and thereby 
removi nq po ly . mi :ie 

residue on s < j. . d r><:>r.^ iing p ads , said p Las ma ashing also 

c aus i r.g an i nc re aa>: ir. 

t he *ur face oak age current, or. said first passivation layer 
t :mo i r.g pacli ; 

11. The method of claim 1, wherein said thermal treatment 
a ft-i; r a a i a o:-: / ger. 

plasma ashing reduces said strfice leakage current between 
si id bonding pads by 
an orofer of ma g:o i tuole . 

12. The met h'"d of cla im 1, where in said thermal treatment 
after said o:-:yger. 

p las ma ashing re :;uees the surface leakage current from 
between about 1.1 *o » 1 . 5 

nanoampere t''> between about 1.1 to 0.2 nanoampere. 

plasma ashing in oxygen said substrate surface, and thereby 
r em :>vi ng po 1 y ■. m i ne 

t e s i o ue on sa.d bonding pads, said plasma ashing also 
causing an increase in 

the surface leakage current on said first passivation layer 
between said 
bonding pads; 
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22. The method of claim 13 wherein said thermal treatment 
after said oxygen 

plasma ashing reduces said surface leakage current between 
said bonding pads by 
an order of magnitude. 

23. The method -of claim 13 wherein said thermal treatment 
after said oxygen 

plasma ashing reduces the surface leakage :urrer:t fro::, 
between about 1.0 to 2.0 

nanoampere to between about 0.1 to 0.2 nanoampere. 
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US-PAT-NO: 53135 3 j 

DOCUMENT-IDENTIFIER: US 5310580 A 

TITLE: Ehlect roless metal adhesion to organic dielectric 
material with phase 
separated mo rp ho logy 



KWIC 



Selective pdating through resist masks and activation by 
forming gase = after 

resist exposare, alkaline treatment or forming gas plasma 
ashing i= aeicribcd 

in IBM TDE vol. 13, October 1970, p. 1199 and in IBM TDB 
vol.. 25, December 
1982, pp. : 336-33. 

11. A methoo of improving adhesion as set forth in claim 
13, wherein said 

photoresist layer is photosensitive polyimide . 
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